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(54) Imaging apparatus 

(57) In imaging apparatus particularly for use in in- 
traoral dental applications, a solid state imager 3 is ar- 
ranged to detect X-ray radiation from a source 1 after 
passing through an object 2. Prior to irradiation by the 
source 1, charge accumulated in the elements 4 of the 
CCD 3 is clocked from two or more rows into a register 
5 such that charges are summed. The register 5 is out- 



put via a charge amplifier 6 which sums the charge ap- 
plied to it to give a relatively large output signal which is 
amplified at 9 and applied to thresholder 9. Onset of X- 
ray irradiation is detected when the signal applied to the 
thresholder 9 exceeds a reference level. A start signal 
is then transmitted to a control unit 8 to cause image 
acquisition to begin. 
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Description 

This invention relates to imaging apparatus and 
more particularly to solid state imagers which include 
radiation sensitive detector elements. s 

It has been proposed to use CCDs and other types 
of solid state detectors for dental and other medical ap- 
plications using X-ray irradiation to examine structural 
features of a patient. The CCD replaces the film used in 
previous systems and enables real-time imaging to be 
achieved together with a more controlled lower dosage 
of X-rays for a given exposure. 

In one known arrangement, a CCD is used intra- 
oraily and is electrically connected to an X-ray source. 
When the X-ray source is energised, a start signal is 
transmitted along the connecting wire to the CCD and 
to its control circuitry to begin image acquisition and 
read-out. In other arrangements, the X-ray source and 
CCD have no physical connection. A supplementary 
sensor is arranged close to the imaging area of the CCD 
to detect the onset of X-ray energy. On detection of the 
incident X-ray energy, the sensor sends a signal to the 
CCD control circuitry to cause imaging to begin. 

In another arrangement, the CCD is continually 
read-out prior to irradiation by X-rays. A signal derived 
from the CCD is compared with a reference level. If it 
exceeds the reference level, the image acquisition 
phase of the CCD operation is initiated. 

The present invention seeks to provide an improved 
imaging apparatus which is particularly advantageously 
used for dental X-ray diagnosis where the imager device 
is located intra-orally but it is envisaged that it may also 
be used in other medical or diagnostic applications and 
could also be advantageously employed for non-medi- 
cal applications. 

According to the invention, there is provided imag- 
ing apparatus comprising: a solid state imager device 
having radiation sensitive detector elements arranged 
in an array of rows and columns; means for summing 
together charge from elements in two or more rows to 
derive an output signal; means for using the output sig- 
nal to detect when radiation to be imaged is incident on 
the array; and means for initiating image acquisition 
when the incident radiation is detected. 

Solid state devices such as CCDs suffer from the 
generation of a thermally based signal known as dark 
current. During a wait period, for example, in an X-ray 
system before X-ray exposure, the imager device gen- 
erates dark current which uses signal handling capacity 
of the device and may even totally fill that capacity leav- 
ing no space for signal information. When onset of X- 
rays begins therefore, the device must be emptied of the 
charge it holds due to thermal generation. 

Dark current approximately doubles every 7°C in 
silicon devices and in dental use, CCDs may be used 
with an operating temperature of up to 40°C. In the pre- 
viously known arrangement in which the signal output 
is compared with a reference level, it is therefore nec- 



essary to set this reference at a relatively high level to 
allow for signals arising from 40°C dark current and oth- 
er noise features. If the reference is set too low, a false 
trigger signal may result causing a failed image and re- 
quiring the patient to be subjected to a repeat exposure. 

By employing the invention, the image acquisition 
phase of the imager device may be initiated more 
promptly than the previously known arrangement in 
which signal clocked from the detector elements prior to 
irradiation with X-rays is compared with a threshold lev- 
el. Summing the charge in two or more rows in accord- 
ance with the invention provides a signal of higher mag- 
nitude than would otherwise be the case. The summing 
process is essentially noise free and thus the signal to 
noise ratio of the signal is enhanced and the sensitivity 
is improved. Preferably, the means for summing in- 
cludes a register into which charge is successively 
transferred from the two or more rows to sum it and 
means is also included for reading out the summed 
charge from the register. Additionally, the means for 
summing advantageously includes means for adding to- 
gether summed charge stored in different ceils of the 
register. Thus the resultant summed signal may be de- 
rived from charge from several rows and columns. 

Some or all of the rows of the array may be used to 
produce the summed charge from which the output sig- 
nal is derived. The number selected depends on the lev- 
el of signal required to give the desired sensitivity and 
the time taken to clock the accumulated charge into the 
register. 

The invention is particularly advantageously used 
for X-ray irradiation of patients for dental and other med- 
ical uses such as mammography as it allows X-ray dos- 
ages to be reduced to the minimum level required. The 
dosage of X-ray radiation to which the patient is subject- 
ed is minimized as image acquisition is started nearer 
the beginning of the X-ray pulse. Stringent health and 
safety requirements specify that unnecessary exposure 
to X-ray radiation should be avoided and use of the in- 
vention enable these conditions to be met. 

Although the invention is particularly useful for den- 
tal applications other medical and non -medical applica- 
tions may also with advantage employ it. The invention 
may be used in X-ray systems or with other types of high 
energy radiation. 

One way in which the invention may be performed 
is now described with reference to the accompanying 
drawing in which the sole Figure schematically illus- 
trates an X-ray imaging arrangement for intraoral den- 
tal use in accordance with the invention. 

With reference to the Figure, an X-ray source 1 is 
arranged to irradiate a tooth or other object 2 to be im- 
aged behind which is located CCD. The CCD 3 compris- 
es an array of radiation sensitive detector elements 4 
set out in an array of rows and columns, an output reg- 
ister 5 and a charge amplifier 6. The detector elements 
accumulate charge depending on the intensity of the ra- 
diation which is incident on them. 
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The output register 5, having charge storage cells 
7 corresponding in number to the number of columns in 
the array, is arranged to receive charge clocked out of 
elements 4 on a row by row basis.. A control unit 8 ap- 
plies appropriate control signals to the electrodes of the 
arrangement to implement transfer of the charge. 

The output of the register 5 is connected via the am- 
plifier 6 to a thresholder 9. A signal processing circuit 1 0 
is arranged to receive signals from the register 5. 

During a standby period before irradiation of the ob- 
ject 2 by the X-ray source 1, dark current results in 
charges accumulating in the elements 4 of the CCD 3. 
In this arrangement, three rows of charge mO, ml and 
m2 are successively clocked into respective cells 7 of 
the register 5 under the control of control unit 8. The 
charge in each cell 7 is thus a summation of charge ac- 
cumulated in three elements of a corresponding column. 
Once the three rows have been transferred into the reg- 
ister 5, the output is applied to the amplifier 6. In another 
embodiment a different number of rows may be 
summed. 

The thresholder 9 compares the signal derived from 
the elements 4 with a threshold level. Prior to irradiation 
by the X-ray source 1 , the signal does not exceed the 
threshold level and the CCD 3 is kept in standby mode. 
When X-ray radiation impinges on the radiation detector 
elements 4 the charge in these elements rapidly in- 
creases. The summed charge from the register 5 ap- 
plied via amplifier 6 is then larger than the threshold lev- 
el. When this condition is detected at a thresholder 9, a 
start signal is transmitted to the control unit 8 to begin 
the image acquisition process of the CCD. Also, the sig- 
nal processing circuit 10 receives image information 
from the CCD 3 for signal processing. 

In other embodiments of the invention, charge 
stored in each of cells 5 may be summed together at the 
amplifier 6 to produce a high output signal. 

In another embodiment of the invention charge may 
be summed in both rows and columns to further improve 
sensitivity. 



the summed charge from the register. 

3. Apparatus as claimed in claim 2 wherein the means 
for summing includes means (6) for adding together 

5 summed charge stored in different cells of the reg- 
ister (5). 

4. Apparatus as claimed in claim 1 , 2 or 3 and wherein 
the means for using the output signal to detect ra- 

io diation incident on the array includes means (9) for 
applying a threshold test to the output signal. 

5. Apparatus as claimed in any preceding claim 
wherein the solid state imager device is a CCD (3). 

15 

6. Apparatus as claimed in any preceding claim 
wherein the imager device (3) is arranged to be sen- 
sitive to X-ray radiation. 

20 7. Apparatus as claimed in claim 6 and including a 
source (1) of X-ray radiation which, during use, is 
arranged to irradiate an object (2) behind which the 
imager device (3) is located. 

2$ 8. A dental X-ray arrangement including imaging ap- 
paratus as claimed in any preceding claim. 
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Claims 



1 . Imaging apparatus comprising: a solid state imager 45 
device (3) having radiation sensitive detector ele- 
ments (4) arranged in an array of rows and columns; 
means (7, 8) for summing together charge from el- 
ements in two or more rows to derive an output sig- 
nal; means (9) for using the output signal to detect so 
when radiation to be imaged is incident on the array; 
and means (8) for initiating image acquisition when 

the incident radiation is detected. 

2. Apparatus as claimed in claim 1 wherein the means ss 
(7, 8) for summing includes a register (5) into which 
charge is successively transferred from the two or 
more rows to sum it and means (6) for reading out 
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